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ABSTRACT

At Exercise DESERT ROCK VI, Operation TEAPOT, items of Engineer
heavy equipment were exposed to the effects of atomic weapons. The
test objective was to augment the damage criteria data contained in
T 23-200, The Capabilities of Atomic Weapons (SECRET), and to eval-
uate elementary protective measures.

It is concluded that:

a. The vulnerability of different items is proportional to
their complexity and to their design purpose. Heavy duty earth mov-
ing equipment is simple and sturdy, and is less vulnerable; truck-
mounted equipment 1s doubly complex, less sturdy, and more vulnerable.

b. Elementary measures, such as bulldozed slots, are effective
in protecting Engineer heavy equipment. They permit the protected
items to avoid the drag forces, which are the principal cause of se-
vere or moderate damage, even though the peak pressure 1s approxi-
mately doubled by reflection within the slot.

Cr The damage criteria contalned in T 23-200 might be con-
siderably improved by inclusion of the data obtained in this test.
It could be extended to cover a wider variation in types of equip-
ment. It is also concluded that consideration should be given to
scaling ground range for dug-in equipment in the same manner as
peak pressure since the evidence obtained in this test indicate
peak pressure to be the damaging weapon effect for dug-in ‘tems.
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THE EFFECTS OF ATOMIC WEAPONS ON
ENGINEER HEAVY EQUIPMENT (U)

I. INTRODUCTION

1. Subject. This report covers an investigation conducted at
Exercise DESERT ROCK VI, Operation TEAPOT, where items of Engineer
heavy equipment were exposed to the effects of atomic weapons. The
objective of this project was to augment the damage criteria data
contained@ in TM 23-200, The Capabilities of Atomic Weapons (SECRET)
and to evaluate simple protective emplacements.

2. Background and Previous Investigation. Subsequent to Op-
eration CROSSROADS in 1946, continuous efforts have been made to
collect data on the vulnerability of military items to atomic weap-
ons and to establish protective measures. The results form the dam-
age criteria curves of T 23-200 which are presented for two cate-
gories of mobile equipment, namely, military vehicles (generally
considered to be truck mounted) and tanks or artillery. All types
of military equipment are not represented; however, reasonable esti-
mates of distances to which other equipment may be damaged can be
arrived at by associating the item in question with other items of
equipment for which damage criteria curves are given. Engineer heavy
equipment falls in the "other equipment" category and the most im-
portant questions to be resolved concern severe and moderate damage
and the effectiveness ¢f elementary protective measures. Authority
was obtained for limited participation in Operation TEAPOT at the
Nevada testsite in 1955, under Project 8-12-75-001, "Tessie Jones".

3. Personnel. The test was conducted as a subproject under
the supervision of Mr. Nathaniel J. Davis, Jr., in conjunction with
other field work under the direction of Mr. John G. Lewis, both of
whom are employed in Special Projects Branch, Engineer Research and
Development Laboratories, Fort Belvoir, Virginia. Personnel from
The Engineer School comprised of Capts William M. Carey and Charles
J. White, Sgts C. L. Thompson, W. R. Hardwick, H. L. Viar, and L. C.
McKee served as the members of the evaluation team. Personnel from
Camp Desert Rock, and the 95th Engineer Combat Battalion participated
in the work. The AFSWP and the Naval Ordnance Laboratories provided
essential support. Cpl Marvin Adelberg executed portions of the
planning and setup phases. Capt Robert C. Nelson, Special Projects
Branch, wrote the report.

II. INVESTIGATION

4. Layout. From TM 23-200, the damage criteria for tanks and
trucks as well as Engineer heavy equipment were tabulated, scaled to
the shot conditions of the predicted yield (28 * 3 KT) and height of
burst (400 ft). (See Table I.)
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Table I. Damage Criteria*

T =D

Range (ft)
Item Exposed Protected
Severe Moderate Light Severe Light
Tanks 1175 1740 4,000 590 1175
1 Engineer Heavy Equipment 1810 2335 5520 905 1810
3 Trucks (heavy and light) 2kLo 2930 7040 1220 2kko

A bty

* Predictions from Figs. 102 and 103 of ™ 23-200 for 28 KT yield.

Table I gives distances at which equipment ranging from trucks to
tanks would receive various amounts of damage when subjected in the
exposed and protected state. In accordance with ™ 23-200 ranges
for Engineer heavy equipment are shown at distances midway between
those ranges for trucks and tanks, and severe damage to protected or
dug in equipment is listed at ranges 50% of those where severe dam-
age would be expected in the exposed situation. The light damage
range for protected equipment is that range at which exposed equip-
ment would receive severe damage; or, more simply, digging in re-
duces the severe damage level by two. Five items of equipment were
selected to represent the variety of types and sizes of engineer
equipment availsble. They were, in the expected order of vulnera-
bility: tractors, graders, cranes, air compressors, and motor gen-
erator sets. To determine the test layout all aspects of the equip-
ment were considered in conjunction with existing damage criteria
presented in Teble I. Each item of equipment was evaluated as to
vulnerability by considering such characteristics as size, weight,
and surface conditions (whether paneled or open) as well as the over-
all sturdiness or job assignment. Other lmportant considerations
were: (1) Much of the equipment was truck mounted and would respond
more like trucks than tanks, and (2) the shot conditions were de-

: signed to produce a precursor which increases dynamic pressure rela-
-+ tive to peak pressure and equipment is more sensitive to dynamic
pressure (drag and drag forces). Further, it was deemed advisable
to exclude the extremes for light damage as the magnitude of the
test would have been greatly increased to cover this category with-
out proportionately affecting the results in the area of interest
(severe and moderate damage). In order to form valid conclusions it
was desirable to subject dupllicate items ¢f equipment, one exposed
and one protected, at the same range and at ranges where exposed
pileces would undergo severe and moderate damage. Damage above or
below this amount would be deleterious as the success of a test of
this type depends upon positive comparisons of test items after ex-
posure. Because a high degree of damage was sought, it was felt
that unserviceable equipment could be used for the test with large
savings in cost and without affecting the validity of the results.
The simplest kind of protective measures were likewise desired for
cost reasons; only bulldozed slots were specified. The layout,
shown in Fig, 1, is summarized in Table II. The duplicate items
were M 2234 ots as shown i
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Fig. 1. Layout of equipment relative to ground zero.
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1
4 Table II, Layout
] ~TRange (It
Item Severe Moderate
i Damage Damage
Tractor 1600 2100
3 Grader 1600 2100
Crane 2100 2700
Compressor 2100 2700
Generator 2100 2700
; b— o7 —
GROUND SURFACE
i 00
18" —=
CROSS SEGTION §
GROUND
SURFACE
\ T \
RANGE LENGTH
P 28 —p— 1600'| 55'
2100| 225’
2700| 108
ELEVATION

Fig. 2. Slot dimensions.
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5. Inspection and Instrumentation. The serviceability of,
and required repairs for, the equipment were evaluated by a team
from the Mechanical and Technical Equipment Department, The Engineer
School. DA Form 464 was completed at the site for each item before
and after the shot., Careful attention was given to the definition
of damage levels so as to relegate minor observations such as glass
breakage, scorched paint, and dented fenders to thelr proper impor-
tance. Black and white still photography was used to supplement the
technical inspection as well as to provide a record for report and
other purposes. Sufficlent lndenter gages were available to provide
a check of peak pressure within the slots., These were grouped in
clusters of three, and five clusters were installed through a cross
section of the 1600-ft and 2100-ft slots. The gages were mounted
with faces parallel to the soil surface on threaded lag screws in a
6-in, by 6-in. post set firmly in the walls or floor of the slots

(Fig. 3).

GROUND
SURFACE

A
A B[L [
' 1 \o c B
s
1
INDENTER GAGE
LAG SCREW
GROUND
SURFACE

1 ~——6" X 6" POST

Fig. 3. Imstrument location and mounting.

6. ‘Test Results. A high level of damage was obtained. At
the respective closer ranges, the exposed items were destroyed,
rather than severely damaged as had been predicted. At the
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respective greater ranges, the items were moderately damaged as had
been predicted. The comparab.e protected items were damaged to a
lesser degree by at least one level on the scale.

age 1s presented in Table III;

A sumuary of dam-

more detalled results are shown in

Table IV.
Table IiI. Summary of Damage
_ Exposed
Type Damage at Damage at Damage at
1600 Ft 2100 Ft 2700 Ft
Tractor Destroyed Moderate¥*
Grader Destroyed Moderate
Crane Destroyed Moderate
Compressor Destroyed Moderate
Generator Destroyed Moderate
Protected
Tractor Light Light
Grader Light Light
Crane Moderate Moderate*
Compressor Idght Light
Generator Moderate Light

* Damage was of the moderate category, but was not so extensive
as comparable entries in terms of repair effort.

a. ‘Tractors. At the 1600-ft range, the exposed D-6
tractor was completely destroyed. Dismemberment extended to primary
assemblies and no component went unscathed. The D-8 tractor in the
slot received only superficial damage; 1t could have been repaired
by the operator, The sand blown into the slot was drawbar deep, but
could not have prevented movement of the tractor. At the 2100-ft
range, the exposed D-7 tractor received much less damage, although o
damage sti1l1 exceeded organizational capabilitles for repair., The o
protected D-T7 tractor recelved damage essentially ldentical to the 4
D-8 at 1600 ft. The use of unserviceable equipment for test pur-
poses prevented an on-the-spot test of the observed condition of
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cal setup and illustrate the condition of the equipment used.
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’ A13096
Fig. 4. Caterpillar D-6 bulldozer, 1600 ft; before test.

. A13127
Fig. 5. Caterpillar D-8 angledozer, 1600 ft; before test.

13

light damage to the protected tractors. TFigs. 4 and 5 show a typi-
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Fig. 6 is typical of the complete destructlion possible. Original-
1y, the tractor faced away from the camera with GZ to the right.
The drag forces caused the tractor to move rapidly; one of the im-
pacts with the ground evidently broke loose the left track; and
the last impact evidently was on the left rear so that the tractor
went end over end slamming the front into the ground to bend the
frame. The blade had been detached earlier. Filg. 7 1s typical of
moderate damage, characterized by the overturning of the Caterpillar
D-7. (Note the dished-in tool compartments on the right side which
faced GZ,) The spilled fuel did not burn; the thermal phase had
been essentially completed before the shock wave struck; and the

L negative phase blew the spillage toward GZ. A blade, if present,

i probably would not have been damaged extensively. Fig. 8 shows the
3 protected Caterpillar D-8 after the test had been conducted at 1600-
] ft range, and Fig, 9 shows the protected Caterpillar D-T (without
: attachments) after the test had been conducted at 2100-ft range.

A13322
Fig. 7. Caterpillar D-7 (without attachments), 2100 f't; after
test, .

T T r—————

b. Graders. Damage to the graders paralleled that ob- g
served for the tractors., At the 1600-ft range, the exposed D-12 4 4
grader was completely destroyed although it was displaced and rolled :
a somewhat shorter distance (150 ft vs. 175 ft) than the comparsble
tractor. The protected grader showed clearly the impact of the
shock wave reflected from the face of the slot; +the grader was
moved 2 ft toward GZ and laterally 5 ft (it rolled forward away from
the ramp leading into the slot). At the 2100~ft range, the exposed
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A13314 -
Fig. 8. Caterpillar D-8 angledozer, 1600 ft; after test.

A13327
Fig. 9. Caterpillar D-T7 (without attachments), 2100 ft;
after test.,
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A13317
Fig. 11. Greder, 1600 ft; after test.

grader received moderate demage; +the repalr effort (120 hr) re-
quired was much greater than that for the comparable tractor (16
hr). The protected grader received essentially superficial damage;
the wrecked ceb would not have prevented the operation of the
grader. Figs. 10 and 11 indicate the layout for the graders and
the condition of the test {tems used. In Fig. 11, the wheels show
how the reflected shock wave moved the grader toward GZ and forward
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(see also Fig. 8). In Fig. 12, GZ 1s to the left front; and in
Fig. 13, GZ is behind the camera. ¥Fig. 13 shows the condition of
the grader after the test was conducted at 210C-ft range. When
this figure 1s compared with Fig. 7, 1t can be seen that the sturd-
ler, more compact tractor suffered less damage than the grader d4id
under the same condlitions. '

A13307
Fig. 13. Grader, 2100 ft; after test.

ey Cranes. At the 2100-ft range, the exposed crane was
destroyed, and the protected crane received a surprisingly high de-
gree of damage. At the 2700-ft range, the exposed crane still re-
ceived extensive but moderate damage, while the protected crane was
moderately damaged but to a lesser extent because of the shielding
effect of the slot. (See Figs. 1l through 19 and note the sheet
metal panels of the crane housing and cabs, particularly inside the
slots.) Booms and other attachments would have been damaged in
about the same degree as the cranes themselves.
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3 A1320k4 A13255
Fig. 14, Crane, 2100 ft; be- Fig. 15. Crane, 2100 ft; after
fore test. test. .

- N | A13324
Fig. 16. Crane, 2100 ft; after test.

A13306 A13306
Fig. 17. Crane, 2100 ft; Fig. 18. Crane, 2100-ft; after
after test. test. (inset from Fig. 17) -
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A13252
Fig. 19, Crane, 2700 ft; after test.

d. Compressors. At the 2100-ft range, the exposed air
compressor was destroyed; and at the 2700-ft range, damage was
moderate. The slots provided good protection at both ranges; the
damage was reduced to the light category and to such a degree that
limited operation of the exposed compressor could have been under-
taken quickly. The use of unserviceable items prevented an on-the-~
spot test of the observed light damage. Fig. 20 shows the effect
of the reflected shock wave, (Note that the generator is separated
from its pallet, and the warped crane and grader cabs as well as
the bent cable reel and hoods of the compressor are all slanting
toward GZ; a simllar but not so intense an effect is indicated in
Fig. 21.) Fig. 22 illustrates the complete disintegration in the
trail of chassils, englne, compressor, and bed leading back toward
6Z. (In Fig. 23, note that the rear suspenslon was broken when the

item rolled over.)

€. Generators. At the 2100-ft range, the exposed gen-
erator was destroyed; and at the 2700-ft range, damage was mod-
erate, The slots provided falr protection; at the 2100-ft range,
damage was reduced to the moderate category; and at the 2700-ft
range, to the light category. Figs. 20, 2, and 25 show the gener-
ator separated from its skid or pallet mounting after test (also
see Fig. 26). A smaller slot would have limited the reflected
shock wave and displacement, and would have decreased the resulting

damage.
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Compressor, 2100 't;

Fig. 20.
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A13256
Flg. 21. Compressor, 2700 ft; after test,
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1 A13318
; Fig. 23. Compressor, 2700 ft; after test.

A13328
Fig. 24. Generator, 2100 ft; after test.
‘.




Fig., 26. Generator
(inset from Fig. 17

;

2100 ft;

1z

Fig. 25. Generator, 2700 f%; after test.

after test.

A1325k

A13306
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. Pressure Measurement. The recorded peak pressures
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in the slots are shown in Table V. Each in-the-slot measurement ex-
ceeded the peak pressure recorded over the surface (approximately 30
and 10 psi for the 1600-ft and 2100-ft ranges, respectively). The
variation with location in the slot follows the expected reflection
pattern; it is highest at the bottom rear corner facing the blast,
and is lowest in the lee of the berm at the top front, The fact
that the 1600-ft readings do not proportionately exceed those at
2100 ft may be attributed to the precursor which distorts the blast
wave., The pressures over the unobstructed desert floor are shown
in Table VI; the more rapld degradation of dynamic than peak pres-

sure 1s evident.

Table V. Peak Pressures Recorded in Slots

1600-F't Range 2100-Ft Range
Location Elevation Pressure Average Pressure Average
(£t) (psi) (psi) (pst) (psi)
Front 8 13.5 1, 5
" 8 4.1 4.6 10.5 11.3
" 8 16.3 11.9
Y 3 21.9 17.9
2 3 * 18.6 16.4 17.4
2 3 15.2 18.0
Center ‘ 20,2 38.3
" 43.2 31.1 26.6 32.8
" 26.9 33.k
Rear 3 30.7 25,4
" 3 36.9 28.1 26,2 25.9
" 3 16.7 26,1
. 8 21,5 ° 28,2
N 8 21,2 19.6 30.5 27.6
" 8 16.1 2,2

¥ Gage not recovered,

Table VI, Surface Pressures

Range Peak Pressure, P, Dynamic Pressure, Qg
(ft) (psi) (psi)
1600 30 > 15
2100 10 30
2700 T b

——————
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ITI. DISCUSSION

T. Relative Vulnerability. The vulnersbility of equipment
is directly proportional to its complexity and inversely proportion-
al to its design purpose. Truck-mounted equipment 1s doubly vulner- -
able; damage to either the prime mover or the machinery limits the
effectiveness of the whole, Earth moving equipment, which is both
single purpose and quite sturdy for 1ts heavy work, 1s much less
vulnerable., Items furnished with cabs and housings, which protect
the operators and the machinery from ordinary hazards, are under a
further handicap. The broad, smooth panel surfaces reflect the
shock wave, and in so dolng recelve an approximstely doubled impact.
If the panels collapse or tear off, they become missiles to hammer
and wedge shafts, pulleys, and power plants., In addition to the
handicap Just mentioned, cranes are encumbered by attachments which
add to the area exposed to the high winds and drag forces of the
blast wave without increasing the strength or stablility of the
equipment, Of the ltems tested, the order of vulnerability is:

a., Cranes

b. (1) Air compressors
(2) Generators

c. (1) Graders
(2) Tractors

8. Effectiveness of Slots. Smaller slots would have provided
much better protection for the generator. Slots no larger than
necessary to contaln the generator and to permit its operation would
have been prefereble., This holds true for all test items; no bene-
fit was derived from the oversized slot for the tractor or grader;
and, in some respects, even the crane suffered damage as was wit-
nessed by the severely caved in sheet metal panels on the side away
from GZ, Furthermore, for such durable equipment as tractors and
graders, a shallower slot, or any measures to prevent overturning,
would have been significantly useful in reducing damage in this test.
It must be remembered, however, that little possibility of missile
hazard existed under the test conditions; deep slots should effec-
tilvely avold damage from misslles under other conditions. The con-
trast in the results between the exposed and protected items illus-
trates the two different forces associated with a blast wave, Light
sheet metal panels, hoods, and fenders were affected both within and
outside the slots showing that a strong shock wave struck the items. 3
The big reduction in demage can be attributed to placing the items
below the drs ,ﬁwzes caused by the high winds associated with the
blast wave, a%n forces, -evemrsthough of short duration, dragged
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the items along the ground, overturned them, and rolled them. The
accelerating drag forces were not directly responsible for the re-
sulting damage; the decelerating impacts with the ground caused the
breakup and destruction. The slots proved effective in reducing
damsge, so simllar measures should provide comparable protection.

9. Damagze Criteria. The selected ranges provided an ade-
quately narrow bracket of the range of severe damage. The relative-
ly intense blast effects degrade rapidly because the energy of the
blast wave is being attenuated on a volume basls and decreases as
the cube root of the range. The 500- and 600-ft range differentials
were more than enough to record the change in damage levels. The
test showed clearly that all of the exposed items are drug-type tar-
gets; they are less responsive to the shock wave itself than to the
high winds following the shock. However, 1t was also clearly evi-
dent that the dug-in items were damaged by peak pressure only.

Since exposed and dug-in items are damaged by different phenomena
assoclated with the blast wave, it seems profitable to indicate dam-
age criteria in terms of these separate phenomena. Damage criteria
in EM-23-200 indicates that damage to drag-type equipment scales as
wO- , and peak pressure scales as Wl/3. Using these scaling methods
curves are presented in Figs. 27 and 28 for height of burst versus
ground range damage to engineer heavy equipment scaled to 1 KT. 1In
Fig. 27 for dug-in equipment, ground range has been scaled as wl 3;
and in Fig. 28 for exposed equipment, ground range has been scaled
as WO-X, Height of burst scales as Wi 3 in either case. The damage
criteria in Figs. 27 and 28 have not been presented in terms of per-
cent probability of damage. However, if it is desired to compare
the curves with those given in TM 23-200, it is felt that they
should be comparable to the 50 percent probability curves.

IV. CONCLUSIONS

10. Conclusions. It is concluded that:

a. The vulnerability of different items is proportional
to their complexity and to their design purpose. Heavy duty earth
moving equipment is simple and sturdy, and is less vulnerable;
truck-mounted equipment is doubly complex and less sturdy, and is
more vulnerable. g

b. Elementary measures, such as bulldozed slots, are
effective in protecting Engineer heavy equipment. They permit the
protected items to avold the drag forces, which are the principal
cause of severe or moderate damage, even though the peak pressure
is approximately doubled by reflection within the slot.
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¢. The damage criteria contained in ™ 23-200 might be
considerably improved by inclusion of the data obtained in this
test. It could be extended to cover a wider variation in types of
equipment. It is also concluded that consideration should be given
to scaling ground range for dug-in equipment in the same manner as
peak pressure since the evidence obtained in this test indicate
peak pressure to be the damaging weapon effect for dug-in items.
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